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ABSTRACT OF THE DISCLOSURE 

An extrudate for a bend is produced by extruding 
thermoplastics and constraining the extrudate in va pre 
determined path to produce a desired bend. 

This invention relates to the production of an extru 
date from plastic lmaterials. In another aspect, this in 
vention relates to methods of fashioning a 'bend in a 
tube or a pipe formed by extruding a thermoplastic ma 
terial. - 

In the fabrication of hollow extrudates such as pipes 
or tubes from thermoplastic materials it is desirable for 
the ?nal product to have a uniform wall thickness. The 
presence of uneven or thin spots in the walls of a plastic 
pipe is undesirable not only from the standpoint of struc 
tural weakness but also from the standpoint that the 
flexibility of the pipe varies over its length. 
A conventional method of the prior art’for putting a 
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bend in a plastic pipe involves heating the pipe in a gly- , 
col bath until the plastic reaches a temperature at which 
it becomes pliable. The pipe is then removed from the 
bath, bent into the shape desired, and cooled in this posi 
tion. A shortcoming of major concern associated with 35 
this method is that the pipe wall on the inside portion of I I 
the bend becomes wrinkled and uneven. The wrinkles 
cause a pressure drop when a pipe with a bend formed 
in the conventional manner is used to transmit a ?uid 
due to the turbulence set up as a result of the reduction 
in cross section of the pipe. The pipe wall on the outside 
portion of the bend is stretched due to the bending ac 
tion. This stretching causes the plastic to ?ow thereby 

‘ reducing the wall thickness of the pipe with the net re 
sult that the strength of the pipe in the vicinity of the 
bend is greatly reduced. 
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According to this invention, these and other disadP 
vantages of the prior art methods of producing a bend 
in an extrudate are overcome by means of a method 
which serves to produce an extrudate having a bend with 
a substantially uniform wall thickness in all areas of . 
the bend. This is accomplished by extruding a thenmo 
plastic material through an annular die or an‘e‘xtruding 
apparatus to form a pipe and constraining the pipe over 
a portion of its cross section by applying a force thereto 
in a direction opposite to the‘direction of travel of the 
pipe as it travels from the extruder. The force applied 
to the portion of the cross section of the pipe causes 
it to bend toward the side of the pipe to which the force 
is applied. The method of this invention can be practiced 
by means of an apparatus which functions in cooperay 
tion with a conventional extruder wherein the extrusion 
solidi?es just prior to exiting from the die.‘ The apparatus 
serves to’ apply a force against, a portion of ‘the cross 
section of the pipe being extruded such that it constrains 
the pipe with the net result being that the pipe is pulled, 
around a radius as it‘travels from the extruder, Theforce 
exerted produces a resistance to ?ow on the approximate 
inner one-half of the cross section of the pipe as it 
travels from the extruder. This causes the thermoplastic 
material issuing from the side of the die opposite to 
the Side of the die having the force applied thereto to 
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travel from the die at a slightly greater rate than the 
side being constrained. The relative rate of travel of 
the two portions of the pipe through the annular die 
produces a bend in the pipe. The rate of flow of the 
thermoplastic material through the annular die increases 
around the die annulus from the portion forming the 
inner surface to the portion forming the outer surface 
of the pipe bend. The wall thickness in the bend is sub 
stantially uniform because by bending the pipe in this 
manner there is molten thermoplastic material available 
to compensate for the increased amount required to form 
the ouside portion of the bend with the same thickness 
as the inside portion of the bend. 

' Accordingly, it is an object of this invention to pro 
vide an improved method of forming a pipe having a 
bend therein. 
Another object of this invention is to provide a meth 

od of producing a uniform wall thickness in a pipe bend. 
Still another object of the invention is to produce a 

pipe bend having uniform strength and ?exibility char 
acteristics. 

These and other objects of the invention will become 
apparent to one skilled in the art after studying the fol 
lowing detailed description, the appended claims, and 
the accompanying drawing wherein: 
FIGURE 1 is a diagrammatic illustration of an ex 

truding apparatus and the pipe bending apparatus of this 
invention; and ’ 
FIGURE 2 is a detailed view of the collar of the 

bending apparatus illustrating the end of an extruded pipe 
therein. 

Referring now to the drawing, wherein like reference 
numerals are used to denote like elements, the invention 
will be described in more detail. An extrusion means in 
cluding an extruder 1 is provided with a nozzle in the 
form of an annular die 2 which functions to form a ther 
moplastic material into a pipe 3. The extruder 1 is pref 
erably of the reciprocating plunger type as disclosed in 
copending, commonly assigned application Ser. No. 407, 
584, ?led Oct. 29, 1964. 
The pipe bending means ofthis invention includes a 

cylindrical-shaped collar 4 for receiving the end of pipe 
3 as it leaves the extruder 1. The collar 4 is provided 
with a shoulder 5 against which the end of pipe 3 can 
abut. A support 6 located to the side of the extruder 1 
has an arm 7 pivotally connected to the support 6 by 
means of a pin 8. The end of arm 7 opposite to the end 
connected by pin 8 is secured to the collar 4 by any 
convenient means‘such as welding or the like. 

In the operation of the apparatus of this invention, a 
material capable of becoming plastic upon the applica 
tion of heat is charged to the extruder 1 whereupon it 
is forced through the annular die 2 into the shape of 
pipe 3. The pipe bending means is positioned as indi 
cated by the dotted lines in FIGURE 1 such that the 
collar 4 will receive the end of pipe 3 against shoulder 
5. As the extrusion operation continues, the pipe bend 
ing means including the collar 4 and arm 7 serve to pull 
or carry the end of the pipe 3 through an arc as indi 
cated by the drawing. This serves to constrain the pipe 
3 over approximately one-half its cross section by apply 
ing the force obtained from the action of the collar to 
,the inside portion of the pipe bend. This force is applied 
in a direction opposite to the direction of travel of the 
pipe as it moves from the annular die 2. 

Since the pipe is being constrained along its inner 
portion, the resistance to How of the molten thermo 
plastic material in the die is established over that inner 
portion. Conversely, the outer portion of the pipe bend 
travels more freely as it leaves the annular die 2 with 
the effect that the molten polymer is supplied to the 
outer portion of the pipe at a relatively higher rate thus 
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providing su?icient material to compensate for that re 
quired to achieve a pipe bend having the same wall thick 
ness on the outer portion of the pipe bend as the wall 
thickness on the inner portion of the bend. This results 
in the production of a pipe bend of uniform wall thick 
ness in all areas of the bend. A straight section of pipe 
is generally formed on each end of the bend by extrud 
ing the pipe a short distance before the bend is made. 
This straight section provides a square end which can 
be used to attach the pipe to other sections of pipe. 
When it is desirous to produce a long section of pipe 
before the bend is made, the collar 4 can be changed 
to a clamp which can be opened to accommodate the 
pipe. ' 

It is obvious that any thermoplastic material such as 
a natural or synthetic resin can be used in the practice 
of this invention. Exemplary materials which can be ex 
truded into pipe in accordance with this invention in 
clude polyole?ns, polyamides, polyesters, ?uorocarbon 
polymers, acetal resins, polycarbonates, vinyl polymers, 
acrylic polymers, polystyrene, and the like. Ole?n poly 
mers such as polyethylene and ethylene-butane copoly 
mers of a molecular weight in excess of 100,000 are par 
ticularly suited for extrusion in accordance with this 
invention. 
The following example will serve to illustrate the in 

vention. It is to be’ understood that such example is for 
that purpose only and must not be considered to be limit 
ing of the invention. 

Example 
Polyethylene having a density of 0.94 (ASTM D1505 

60T) and a high load melt index of 1.5 (ASTM D1238 
62T, Condition F) was prepared in accordance with the 
method disclosed in British Patent 853,414. A mixture 
was formed by compounding the polymer with 21/2 
weight percent carbon black and 1 weight percent gly 
cerin. The mixture was then extruded into a 4-inch pipe 
using a 60-ton reciprocating ram-type extruder having a 
die with a land such that the extrudate solidi?ed before 
emerging from the die. The temperature of the mixture 
was 500° F. as it entered the die. Cooling water at a 
temperature between 140 to 150° F. was employed to 
cool the die. 
The pipe bending means constructed in accordance 

with this invention included a clamp in the form of a 
collar connected to a 24-inch arm. The arm was pivot 
ally connected to a support situated laterally with re 
spect to the direction of extrusion of the pipe. The 4 
inch pipe was extruded at a rate of 8 inches per min 
ute into the clamp such that the pipe was pulled into 
a bend having a 24-inch radius. After the arm including 
the clamp and pipe had been moved slightly more than 
90 degrees, the clamp was removed. The pipe bend was 
allowed to relax whereupon it assumed a permanent 
bend of 90 degrees having a 30-inch radius. 
As hereinbefore indicated, the force applied to the 

cross section of the extrudate causes the bend to form 
toward that portion of the extrudate which has the force 
applied thereto. Though not intended to be bound by any 
theory, it is likely that there is almost no constraining 
force on the outermost portion of the extrudate in the 
bend. Conversely, it is likely that the constraining force 
is at a maximum at the innermost portion of the ex 
trudate in the bend. Thus, the constraining froce can be 
considered as a multitude of individual forces which 
vary in magnitude from a maximum to a minimum in 
moving across the cross section of the extrudate from 
the innermost portion to the outermost portion of the 
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bend. The desired resultant force of the multitude of iu- 70 
dividual forces can be obtained by applying a force 
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at a particular point on the cross section of the ex 
trudate. Thus, the force applied at that point at the end 
of the bend wil produce the bend desired in the extrudate 
by guiding the point through a predetermined path. 
Although the invention has been described in connec 

tion with bending a pipe, it is obvious that it can be 
used in connection with bending any shape extrusion. For 
example, the invention can be used in bending extrusions 
having rectangular and square shapes. The invention is 
particularly suited for bending rectangular or other cross 
sectional shapes wherein there is a partition extending 
longitudinally with the extrusion. 

Although the invention has been described in consider 
able detail, it is to be understood that such detail is for 
that purpose only and that many variations and modi? 
cations can be made by one skilled in the art without 
departing from the spirit and scope of the invention. 
We claim: 
1. A ‘method of forming an extrudate having a bend 

therein comprising extruding a thermoplastic material to 
produce an extrudate utilizing a die having a land such 
that the extrudate solidi?es before emerging from said 
die and applying a force over a portion of the cross sec 
tion of said extrudate in a direction opposite to the di 
rection of travel of said extrudate to cause said extrudate 
to bend toward said portion of said cross section. 

2. A method according to claim 1 wherein said force 
is applied over approximately one-half of the cross sec 
tion of said extrudate. 

3. In a method of forming a pipe by extrusion of a 
thermoplastic material including the steps of applying 
heat to a thermoplastic material to render said material 
plastic and extruding said material through an annular 
die to form said pipe, said annular die having a land 
such that the pipe is solidi?ed before emerging from said 
die, the improvement comprising constraining said pipe 
over a portion of its cross section to cause said pipe to 
bend toward said portion of said pipe being constrained. 

4. A method according to claim 3 wherein said pipe 
is constrained over approximately one-half of its cross 
section. 

5. A method of producing a uniform wall thickness 
in a pipe bend comprising extruding a thermoplastic ma 
terial through an annular die to form a pipe, said an 
nular die having a land such that the pipe is solidi?ed 
‘before emerging from said die, and constraining said pipe 
over a portion of the cross section of said pipe by apply 
ing a force thereto in a direction opposite to the direc 
tion of travel of said pipe to cause said pipe to bend 
toward said portion of said cross section. 

6. A method according to claim 1 wherein said force 
is applied by guiding an end of said extrudate through 
a predetermined path to produce a desired bend. 

7. A method according to claim 3 wherein an end 
of said pipe is constrained by guiding said end through 
a predetermined path to produce a desired bend. 
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